Conditioned cues can sometimes elicit maladaptive responses as seen in the post-traumatic stress disorder (PTSD). Lack of effective fear extinction, which involves a process of inhibitory learning, is hypothesized to associate with PTSD. In this study, we tested the effect of acute pharmacological inhibition of mGluR5 activity on the extinction of fear memory and spatial memory. Intraperitoneal injection of the mGluR5 (metabotropic glutamate receptor 5) antagonist MPEP [2-Methyl-6-(phenylethynyl) pyridine hydrochloride] allowed the retrieval but prevented the extinction of contextual fear memory in mice. Without altering locomotor activity, MPEP inhibited the acquisition but not the consolidation of contextual fear memory. Further, administration of MPEP blocked the extinction of spatial memory in the Morris water maze paradigm. Our data suggest a necessary role of mGluR5 in regulating certain aspects of behavioral flexibility.
Introduction
While learning and memory consolidation are important for survival, extinction of the previously formed memory represents a significant aspect of adaptive brain function. Extinction is believed to be a process of new learning rather than an erasure of the old association (Gershman, Blei, & Niv, 2010; Gershman & Niv, 2012; Maren, 2011) . This belief is supported by observations in humans as well as in animal models that fear responses can spontaneously recover following extinction (Bouton & Bolles, 1979; Rescorla, 2004) . As extinction-based behavioral therapies are considered to treat patients with post-traumatic stress disorder (PTSD) or dysregulated fear (Kearns, Ressler, Zatzick, & Rothbaum, 2012; Parsons & Ressler, 2013; Quirk et al., 2010) , investigation on mechanisms underlying the inhibitory learning during extinction may aid the development of new therapeutic strategy.
Since extinction is a process of active learning (Maren, 2011; Quirk et al., 2010) , potentiating and inhibiting the glutamatemediated signaling have been expected to facilitate and suppress extinction, respectively. Indeed, the function of NMDA type receptors (NMDAR, the ionotropic glutamate receptors), which are heavily involved in learning, memory and forms of synaptic plasticity such as long-term potentiation (LTP) and long-term depression (LTD) has been implicated in the process of extinction (Baker & Azorlosa, 1996; Myers, Carlezon, & Davis, 2011; Tang et al., 1999) . Numerous studies have shown that a partial agonist of NMDAR, D-cycloserine (DCS), facilitates extinction (Bouton, Vurbic, & Woods, 2008; Ledgerwood, Richardson, & Cranney, 2005; Parnas, Weber, & Richardson, 2005) . In contrast, inhibition of NMDAR blocks extinction (Baker & Azorlosa, 1996) . Further, administration of an AMPA receptor (an ionotropic glutamate receptor) agonist, PEPA, also facilitates contextual fear memory extinction in mice (Yamada, Zushida, Wada, & Sekiguchi, 2009; Zushida, Sakurai, Wada, & Sekiguchi, 2007) .
Although metabotropic glutamate receptors (mGluRs) can modulate the ionotropic GluRs and are also involved in regulating synaptic plasticity (Awad, Hubert, Smith, Levey, & Conn, 2000; Cleva & Olive, 2011; Huber, Kayser, & Bear, 2000) , their function in memory extinction has only been indicated in few studies. The mGluR5 knockout mice show deficits in fear extinction (Xu, Zhu, Contractor, & Heinemann, 2009 ) and a previous study has found that acutely blocking mGluR5 prevents the recall of toneconditioned fear extinction memory in rats (Fontanez-Nuin, Santini, Quirk, & Porter, 2011) . These studies suggest that mGluR5 receptors may be crucial for fear extinction, but do not demonstrate whether blocking mGluR5 receptor function during the process of contextual fear memory extinction may affect this behavior.
